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High-fiber diets are associated with weight management though data are lacking in 
pregnant women. Pregnant women consume half of the daily fiber recommendation (~15 
grams/day) and 55% experience excessive gestational weight gain (GWG). Fiber from snacks in 
the general U.S. population is significant (≥20%) to total fiber intake (1). The purpose was to 
assess the relationships between snacking, energy, and fiber intake in participants from a 12-
week RCT to study if a high fiber diet can prevent excessive GWG.  
Methods 
Women were block-randomized (2:1 ratio) into either the intervention (n=12) or usual 
care (n=8) group. The intervention group was advised to consume ≥30 grams of fiber/ day and 
met weekly in a group with a dietitian. High fiber snacks (10-12 grams/day) were given during 
the first 6 weeks of the study but were not provided from 6-12-weeks. Three 24-hour diet recalls 
were collected at 0-, 6-, and 12-weeks for nutrient analysis. Snacks were participant-identified 
during diet recalls. T-tests and a regression analysis were completed following an intent-to-treat 
analysis.  
Results 
 From 0-6-weeks, the intervention group increased fiber intake overall and from snacks 
(+10.8 grams and +4.5 grams, respectively; p<0.05), while decreasing snack calories by 25.4 
kcals (p=0.122). However, from 6-12-weeks a decrease in fiber intake overall and from snacks 
occurred in the intervention group (-5.9 grams vs -4.7 grams; p=0.122 and p<0.05, respectively). 
GWG in the intervention group was lower relative to the usual care group from baseline to 12-
weeks with borderline significance (4.7 kg and 6.3 kg respectively; p=0.149). Percent energy 
iv 
 
intake from snacks was not a significant predictor of GWG (p=0.508). 
Conclusion 
Giving high-fiber snacks to pregnant women increased fiber intake without significantly 
increasing energy intake. Though total fiber in the intervention group decreased when snacks 
were not provided, total fiber intake was 4.9 grams greater than baseline. In conclusion, 
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Chapter 1: Introduction 
Introduction 
 Maternal weight gain during pregnancy is also known as gestational weight gain (GWG). 
Recommendations for GWG were last updated in 2009 by the Institute of Medicine (IOM) and 
the National Research Council. These vary from woman to woman, as they depend on pre-
pregnancy body mass index (BMI) (2). A majority of women are currently gaining outside 
recommended GWG parameters, with 20.9% of women gaining inadequately and 47.2% gaining 
excessively (3). Excess GWG puts pregnant women at a higher risk for maternal obesity, 
gestational diabetes mellitus, pregnancy-induced hypertension, and complications during labor or 
birth (4). Gaining excessively has also been associated with large-for-gestational age (LGA) 
offspring and moderate evidence has linked excess GWG to infant mortality in observational 
studies (2). Thus, it is important to give attention to factors that may influence a pregnant 
woman’s weight gain, like dietary intake.  
 Prenatal nutrition is a topic of interest due to an increased need for calories and nutrients 
during pregnancy to aid in healthy fetal growth and development (5). Maternal intake is 
influenced by social, behavioral, and environmental factors. Included within environmental 
factors is access to healthy food, which can be a determinant in maternal diet quality (2). 
Research has shown that higher quality maternal diets are related to appropriate GWG, thus 
lower quality diets are related to weight gain outside the recommendations (6). Further, a cross-
sectional study in 2014 concluded that, “inadequate dietary intake of total vegetables and oils 
below the MyPyramid recommendation was associated with higher odds of being in the 




diet plays a role in GWG; though limited research exists that relates GWG to snacking.  
 To date, there are few studies that focus on GWG in relation to maternal snacking 
behaviors (excluding diet quality). Pregnant women with “deliberate meal and snack planning” 
(6) were more likely to achieve appropriate GWG in a recent cross-sectional study (6), but this 
study failed to include their definition of a “snack.” In opposition, excess GWG was associated 
with eating snacks when they were defined as crisps, ice cream, sweets, cakes, biscuits, potato 
chips, and popcorn (8). Research shows that adult snacking patterns are comprised of a greater 
variety of foods, rather than energy-dense, nutrient poor foods exclusively. Adults have also 
chosen snack foods, such as, fruits, vegetables, and nuts/seeds (9). These food sources contain 
more fiber than foods mentioned previously, and consumption of these foods as snacks may lead 
to more controlled GWG due to fiber’s ability to increase satiety and improve digestive 
processes. Snacking is currently a controversial topic due to its many definitions (10, 11). 
However, with evidence that women are consuming snacks during pregnancy (6, 8) there should 
be more focus on investigating specific snacking behaviors that relate to appropriate GWG. 
Statement of Purpose 
 GWG within the recommended parameters is desirable for positive outcomes. In the 
United States, almost half of all women are gaining excess gestational weight, putting them and 
their babies at a higher risk for complications during and after pregnancy (4). A multitude of 
factors affect GWG, and diet quality has been recognized as one of them (2, 7, 8, 12). Yet, there 
is limited research specifically targeting snacking behaviors in relation to GWG. In this thesis 
study, I explored the relationships that exist between snacking during pregnancy and GWG. 
Additionally, the relationship between consumption of fiber-rich snacks (totaling ≥10 grams of 





Primary Research Question:  
What is the relationship between percent energy (kcal) from snacks and GWG?   
 
Secondary Research Question:  
What is the difference between the intervention and usual care groups for fiber intake from 





Chapter 2: Review of Literature 
Introduction    
 The purpose of this review of literature is to analyze associations between snacking on 
gestational weight gain (GWG). Gestational weight gain is maternal weight gained during 
pregnancy. Recommendations for GWG are based on pre-pregnancy body mass index (BMI), 
and vary from woman to woman (2). The current trend in the United States is to gain excess 
weight during pregnancy (3). Dietary intake has been identified as one of many factors that affect 
whether or not GWG is appropriate (2). Consumption of snacks falls within overall dietary 
intake. Research surrounding snacking in relation to GWG is limited. Therefore, this review will 
focus on GWG in relation to maternal snacking during pregnancy. 
 
Gestational Weight Gain Recommendations 
 GWG recommendations issued by the Institute of Medicine (IOM) initially in 1990 were 
reviewed and edited in 2009 (2). These recommendations serve as guidelines for appropriate 
weight gain during pregnancy and focus on both short and long term outcomes. Appropriate 
GWG increases the likelihood of positive outcomes for the mother and her offspring. The GWG 
recommendations are based on pre-pregnancy BMI, using BMI cut-off points set by the World 
Health Organization. Thus, a woman with a pre-pregnancy BMI classified in the normal weight 
range is recommended to gain more weight (25-35 pounds total GWG) than a woman classified 
in the obese weight range (11-20 pounds total GWG) (2). Gaining gestational weight within 
these set parameters is beneficial to both the mother and her offspring.   
 Benefits to mother. Gaining gestational weight within the recommended range leads to  




such as, diabetes, obesity, and hypertension during and after pregnancy. Avoiding excess GWG 
will also make it easier for the mother to return to her pre-pregnancy weight. This will benefit 
her whether she is planning to have another child or not, since adult body weight increases with 
age. Research has also shown that mothers with a pre-pregnancy BMI in the normal weight range 
are less likely to gain excess gestational weight (3, 13). Thus, finding ways to help women 
achieve a normal BMI prior to pregnancy is important.  
 Benefits to infant. Appropriate GWG is associated with an infant born in a normal birth 
weight range for gestational age (2). An infant born in the normal range is at lower risk for 
growth and developmental complications. Additionally, the risk of childhood obesity may be 
lower in infants born in the normal weight range. It is also important to recognize that decreased 
adverse outcomes may lead to a shorter hospital stay for the infant and mother.   
 Limitations. GWG guidelines do not provide recommendations specific to women of 
short stature, adolescents, or members of racial/ethnic minority groups (2). This is due to 
inadequate research surrounding these groups of women. Evidence related to GWG in short 
statured women is not fully developed. However, women in this category do tend to gain weight 
in the lower-end of the GWG parameters when using their pre-pregnancy BMI (2). As 
mentioned, the guidelines are also not validated for women less than 20 years of age, since 
weight is still measured using pediatric growth charts. These limitations may make setting goals 
for GWG challenging for mothers that fall within these groups. 
 Predictors of gestational weight gain. The IOM examined a multitude of factors that 
affect GWG, including “social/institutional, neighborhood/community, environmental, 




categories. Sub-factors related to dietary intake include, but are not limited to: food availability, 
cultural traditions/beliefs, education level, and access to health professional services. Food 
insecurity refers to decreased access to healthy food for individuals. This may affect a mother’s 
ability to eat consistent meals and may result in lower diet quality. Cultural beliefs and traditions 
may also influence decisions made about food consumption during pregnancy. A woman’s 
culture may influence her decisions related to types of foods consumed, frequency of eating, and 
total daily energy intake needs. Actual total energy intake may be higher than recommended for 
women who believe they need to “eat for two.” Pregnant women who reported this belief and did 
not set GWG goals gained excess gestational weight in a cross-sectional study by Chuang et al. 
(6). Additionally, pre-pregnancy overweight or obese status is linked with an increased risk of 
excess GWG (3, 8, 12, 13). 
 
Excessive Gestational Weight Gain 
 Gaining excess weight during pregnancy is a rising concern due to an overall increase in 
overweight and obese women (2). Many women are currently gaining outside recommended 
GWG parameters, with 20.9% of women gaining inadequately and 47.2% gaining excessively 
(3). As stated previously, women in the pre-pregnancy overweight or obese category are at a 
higher risk for excess GWG, when compared to normal weight women (3, 8, 12, 13). Gaining 
weight outside of these parameters is not ideal due to increased risks for poor health. Excess 
GWG puts both the pregnant women and her offspring at a higher risk for complications before, 
during, and after pregnancy (2, 4). Avoidance of adverse outcomes may be possible with 




Defining a Snack  
 Current research lacks a standard definition of a snack, resulting in inconsistencies 
among research studies (10). Approaches used in research studies to classify snacks include: 
participant-identified, time of day, location of eating occasion, type of food consumed, or any 
combination of these (9, 10, 14-17). A cross-sectional study compared the participant-identified 
approach to the time-of-day approach finding advantages and limitations for each strategy (18). 
However, consensus is still needed to determine the most suitable approach to distinguish a 
snack. 
 Time of day. Food that is consumed during certain time frames may be considered a 
snack (10, 11). Some studies have established 4-hour time parameters for breakfast, lunch, and 
dinner (10, 11). Eating occasions that occur outside specified parameters are then considered 
snacks using this method. Classifying snacks in this manner may be more fitting for individuals 
that work traditional daytime jobs, than those who work odd hours (i.e. night shifts). The latter 
will likely consume foods outside of set time parameters due to non-traditional main meal times. 
A more appropriate method, used by Kant et al. (2015), may be to classify snacks as any eating 
occasion not identified by the participant as breakfast, brunch, lunch, or dinner (19).  
 Type of food. Specific types of foods (i.e. vending machine items, sweets, salty foods, 
etc.) may be considered a snack regardless of when or where they are consumed (10, 11). Snack 
foods have been identified as relatively cheap, pre-packaged, easy-to-access, and were perceived 
as unhealthy by survey participants at a university setting (20). One study (9) analyzed snacking 
and its effect on body composition by grouping similar foods consumed by participants into 
separate categories. Nicklas et al. used this method to distinguish 12 eating patterns and linked 




snack patterns to be associated with better diet quality when compared to exclusion of snacks. 
Additionally, two snacking patterns (alcohol and milk desserts) were associated with lower BMI. 
However, there were no associations found between body composition and the remaining ten 
snack patterns. In another study, energy-dense snack foods were examined independently to 
associate intake of these foods with changes in body composition, finding that energy-dense 
snacks lead to an increase in annual weight gain (14). 
 Eating location. The location in which an individual consumes food may dictate whether 
a person considers it a snack or not (10, 11, 20). Wansink and colleagues used structured 
interviews to explore environmental cues that differentiated a meal versus snack in a university 
setting. Cues included items, such as, sitting vs. standing, type of dishware used, eating for 10 
minutes vs. 30 minutes, and eating with family vs. eating alone. Participants described snacking 
as “eating alone for 10 min while standing, using paper plates and napkins,” (20) but concluded 
that “eating with family is the strongest indicator of a meal” (20). Using these cues 
independently to determine a snack may be problematic because an individual may consume a 
very similar amount of food regardless.   
 Combination of methods. Any combination of the previously mentioned factors may also 
characterize an eating occasion as a snack (10, 11). For instance, standing while eating using 
disposable paper ware is oftentimes associated with snacking behaviors. However, if an entire 
family is eating while standing at a social event, then it may be considered a meal based on the 
type and amount of food consumed. Due to the many factors that go into classifying meals 





Adult Snacking Behaviors 
 Adult eating behaviors vary widely and can have positive, negative, or null effects on 
weight status (15). Current eating pattern trends include consuming a higher percentage of 
energy (kcals) as snacks, resulting in less energy (kcals) intake at breakfast, lunch, and dinner 
(19). This trend was found when comparing dietary data from National Health and Nutrition 
Examination Surveys (NHANES) results from 1971-74 and 2009-2010 (19). A cross-sectional 
study (n=233) in the United States found that adults on average are consuming 2.1 snacks per 
day, amounting to 404 calories per day on average (15).  
 Snack frequency. The number of snacks consumed per day and its effect on adult weight 
status has varied in cross-sectional studies (15, 16, 21). Barnes and colleagues (2015) found no 
associations with snacking frequency in relation to BMI and diet quality (15). Another cross-
sectional study found snacking frequency in normal weight individuals to be inversely associated 
with adiposity. However, the opposite was true with individuals in the overweight and obese 
categories (16).   
 Snack patterns associated with weight gain. Consumption of calorie-dense foods as 
snacks have led to an increased weight status (14-16, 22). Hendriksen et al. (2011) studied 9,383 
normal weight and overweight Dutch adults consuming energy-dense snack foods (cakes, 
sweets, savory snacks, fried foods, etc.) and found positive associations between consumption of 
these foods and higher annual weight gain (14). Another cross-sectional study linked eating 
snacks with >210 kilojoules (about 50 kcals) to increased BMI and waist circumference in 
women (21). Similarities exist in snacking patterns that are linked with weight gain – they 




 Snack patterns associated with weight maintenance. Eating less energy-dense snacks that 
have a higher nutrient content, like vegetables, is common among individuals with a lower BMI 
status (15). This association was found in a cross-sectional study by Barnes et al. (2015) using a 
sample of 233 adults. A snack was defined as any eating occasion that was not identified as a 
meal (breakfast, brunch, lunch, and dinner/supper) or beverage. Barnes et al. found no 
associations between total energy intake or snacking frequency when relating these factors to 
BMI (15). Nicklas et al. identified 12 snacking patterns in a cross-sectional study using data from 
NHANES: 2001-2008. This study found that 5 of the 12 snack patterns ranked higher for diet 
quality using the 2005 Healthy Eating Index, when compared to consuming no snacks. The 5 
snacking patterns included: fruits, vegetables, legumes, grains, salty snacks and/or other 
miscellaneous food items (9). These studies make it evident that snacking patterns vary from 
person to person, so it is likely that these variations in snacking patterns also exist among 
pregnant women. 
 
Snacking During Pregnancy 
 Limited research exists discussing snacking during pregnancy. An observational study by 
Barebring et al. linked snacking to excess GWG. Snacks were defined in this study as “sweets, 
cakes, ice cream, biscuits, potato chips, popcorn, but excluding nuts and seeds” (8). Thus, snacks 
were assumed to be energy-dense, nutrient-poor foods. 
 On the contrary, researchers found that women with planned eating occasions were more 
likely to achieve appropriate GWG (6). A cross-sectional study by Shin et al. found that pregnant 




vegetable oils) daily were more likely to have appropriate GWG (7). It is important to note that 
vegetables contain fiber, which is helpful in increasing satiety and digestive processes. 
Reviewing these studies makes it evident that fiber has an important role during pregnancy.  
 
Benefits of Fiber 
 Dietary fiber is found in plant foods, is indigestible, and ferments in the lower part of the 
gastrointestinal tract (23, 24).  Inclusion of dietary fiber is associated with a variety of health 
benefits. Fiber aids in regulation of cholesterol and has been associated with higher levels of 
HDL cholesterol, which is a protective factor for cardiovascular disease (25). Additionally, fiber 
has been associated with lowering blood pressure (25), increasing satiety (23, 26, 27), lowering 
BMI, maintaining blood glucose levels (28), and decreasing the risk for metabolic syndrome 
(24). Metabolic syndrome leads to an increased risk for chronic diseases. Despite this strong 
association, many adults are presently not meeting the recommendations for daily fiber intake. 
Current fiber intake. Americans consistently consume about half of the daily dietary fiber 
recommendations (25, 29, 30). Recommendations for fiber intake are 25 grams per day for 
women, 28 grams per day for pregnant women, and 38 grams per day for men (23, 26, 27, 29, 
30). Fiber intake is highest at the dinner meal (38% of total daily fiber intake) and snacks also 
include high amounts (≥20% of total fiber intake), when compared to other meals (1).  
 Fiber intake during pregnancy. A maternal diet high in fiber has been associated with 
desirable health outcomes. Research suggests that maternal fat mass changes late in gestation 
have been inversely associated with fiber intake (31). A prospective cohort study (n= 813 




decreased risk of having abnormal blood glucose levels during pregnancy (32). Additionally, an 
observational study (n=495 healthy pregnant Icelandic women) found an inverse association 
between fiber intake and GWG in overweight pregnant women (12). 
 
Conclusions 
 There is a need for more research surrounding GWG and eating patterns in pregnant 
women. GWG recommendations have been established and serve as a guide for appropriate 
weight gain. However, research relating GWG to snacking and fiber intake is very limited. 
Studies (6-8, 12) that do exist on this topic are either cross-sectional or observational, and are 
therefore unable to prove causal effects. Conclusions and suggestions for advancement in 
research on topics previously discussed are as follows. 
 Gestational weight gain. Recommendations for GWG were last issued in 2009 by the 
IOM. Gaining within set weight ranges using pre-pregnancy BMI results in a lower risk for 
adverse outcomes for both the mother and her offspring. The current trend is for women to gain 
outside the parameters set for GWG. A higher percentage of women gaining outside these set 
ranges tend to gain excess weight, rather than inadequate weight (3). Many factors exist in the 
literature that serve as predictors of GWG. One of particular interest in this review is dietary 
intake, and specifically snacking behaviors (2).  
 Consistently defining a snack. Hess et al. (2016) and Leech et al. (2015) published review 
articles discussing snacking and its various definitions. The researchers made it evident that there 
is a need for a standard definition of a snack (10, 11). Studies related to snacking revealed that 




energy-dense, nutrient-poor foods (8), or used a combination of methods (9). These 
inconsistencies pose a challenge for research surrounding snacking behaviors. 
 Snacking during pregnancy. There are a multitude of factors that affect GWG and 
snacking has been recognized as one of them (2, 7, 8). Snacking has not been clearly defined 
within all studies making the results difficult to interpret. Researchers typically classify snacks as 
“unhealthy” foods. However, available literature shows that adults are also snacking on foods 
that provide more nutritional benefits and are less associated with annual weight gain, such as 
fruits, vegetables, and nuts/seeds (15). These foods contain dietary fiber and high intakes of fiber 
have an inverse relationship with many health risks. With snacking contributing to ≥20% of total 
fiber intake (1), it can be hypothesized that increasing snacking frequency may lead to a higher 
intake of fiber. Thus, more research is warranted in this area. 
 Available evidence that relates snacking behaviors to GWG remains controversial, since 
studies have shown both excessive (6, 8, 12) and appropriate (6, 7) GWG. To build on existing 
literature, the association between maternal snacking and its relation to GWG should be further 






Chapter 3: Methods 
Overview 
 Data for this thesis were collected from its parent study titled, “Pregnancy Intervention 
Revolving Around Goal-Focused Education (GIRAFE study),” a non-blinded RCT. The parent 
study was a 12-week pilot study that block-randomized women into either the single goal (SG) 
high dietary fiber intervention group or the usual care (UC) group. The intervention group 
participated in group based phone counseling lessons (12 sessions; 60 minutes each) focusing on 
strategies that lead to a high fiber diet and appropriate GWG using IOM recommendations (2). 
The single goal in the parent study was for women to consume ≥ 30 grams of fiber per day. The 
UC group did not receive dietary counseling and received standard treatment from their 
obstetrician.  
 My thesis project primarily focused on GWG in relation to snacking behaviors. The 
secondary focus was on total fiber intake in relation to fiber intake from snacks. Data collected 
from the 24-hour dietary recalls and anthropometric measurements were used for statistical 
analysis to answer these questions.   
Sample 
 The GIRAFE study recruited women that were 9 to 15 weeks pregnant, between the ages 
of 18 to 45 years old, and with a BMI of 22.0-40.0 kg/m
2
. Women were recruited from The 
University of Kansas Medical Center (KUMC) Obstetrics (OB) Clinic, KUMC Intranet, by 
contacting prior participants of Pregnancy Health studies (when permission was given to 
contact), by posting on Facebook, and through word of mouth. At the OB clinic, recruiters had 




potential participants to explain the study and ask them if they would like to be a part of the 
study. Those who were interested filled out a questionnaire to assess their fiber intake over the 
past year and gave further information about their health status to determine if they met GIRAFE 
research criteria. Women were excluded if their baseline intake of fiber exceeded 20 grams per 
day. Other exclusion criteria included: current or pre-pregnancy diabetes, hypertension, pre-
eclampsia, other metabolic abnormalities, drug abuse, smoking, asthma, heart disease, and 
women with pregnancies of multiples. The GIRAFE study recruited 25 participants for its non-
blinded RCT. Women were block randomized (2:1 ratio) into one of two groups: SG high dietary 
fiber intervention (n=17) or a UC group (n=8). Groups of 5-10 participants were ideal for this 
study to promote optimal group interactions via phone. All participants enrolled in the GIRAFE 
study were included in this thesis study.   
Setting 
 Assessments at baseline and 12-week visits were conducted in-person with research staff 
at KUMC. Diet recalls were obtained during in-person appointments (1 at baseline; 1 at twelve-
weeks) and via phone (2 at baseline; 3 at six-weeks; 2 at twelve-weeks). Participants reported 
their weekly body weight to researchers via text or email using provided body weight scales. For 
the intervention group, group based phone counseling conducted by a Registered Dietitian took 
place weekly via phone for the length of the 12-week study.  
Ethics 
 This study was approved by the University of Kansas Medical Center Human Subjects 
Committee under the parent study (STUDY00004032). The research consent form (appendix A) 
was signed by participants prior to the study. Incentives were given for completed activities by 




visit, reported behaviors, group based phone counseling lessons attended, and stool and urine 
samples collected. The intervention group and UC group could potentially earn a total of $280 
and $160, respectively, dependent upon research activities completed. 
Funding 
 The parent study received an unrestricted gift to the department from Roberts Family 
Foundation and this research was also supported in part by a grant from the KUMC Research 
Institute at the University of Kansas Medical Center (STUDY00004032).  
Procedures 
 Baseline. At baseline, participants met in-person with trained research staff to learn more 
about the GIRAFE study, to receive study materials, to sign their consent form, to complete 
questionnaires (demographics and supplement use), to measure body composition, and to 
complete a 24-hour dietary recall. Women also reported pre-pregnancy weight and height, which 
were used to calculate pre-pregnancy BMI. All participants received a body weight scale to 
weigh themselves at home and were instructed to report weekly weight status via email or text. 
The UC group was asked to continue with standard treatment offered by their obstetrician. 
Women in the intervention group were asked to increase their fiber intake to 30 grams per day, 
were given a supply of high fiber study snacks and a binder with weekly lessons that focused on 
increasing daily fiber intake. 
 The intervention group received a 6-week supply of fiber-rich snacks. Participants were 
instructed to eat 2 paired snacks per day to improve adherence to their high fiber diet. For 
example, one of the paired snacks given included one Kind Bar and 1-ounce of Snapea Crisps, 




labeled with the name of the snack, quantity, and fiber content. Individual snacks contained 3 to 
7 grams of fiber. Snacks of lower fiber content were paired with those with higher fiber content 
to ensure that participants would consume ≥10 grams of fiber per day from snacks.  
 Women in the intervention group attended 12 weekly sessions of 1-hour long group 
based phone counseling led by a Registered Dietitian. These lessons were centered around the 
single goal of consuming ≥30 grams of daily fiber. Women were instructed to complete 
assignments, set individualized goals, and were encouraged to have discussions with other 
participants during these sessions. 
 Midpoint. At midpoint (6 weeks), all participants were contacted via phone to complete 
three dietary recalls.  
 End of study. During the 12-week visit, each participant returned to KUMC and met with 
research staff to measure body composition and complete an in-person 24-hour dietary recall. 
Both groups were called on two additional days to complete their remaining 2 dietary recalls.  
Data Collection 
 Diet Recalls. Interviewers for diet recalls were trained and tested on reliability in 
delivering standardized dietary interviews with an error rate less than 10%. Trained interviewers 
collected 24-hour dietary recalls using the multiple pass method (2 weekdays and 1 weekend 
day) for the GIRAFE study. Researchers used diet recall forms to record subject intakes 
(appendix B). Dietary recalls were collected at baseline, mid-point, and at the end of the study. 
The recalls were performed both in person and via phone. Two 24-hour diet recalls were 
completed in-person during baseline (1) and 12-week (1) visits and the remaining diet recalls (7) 




 Research staff used food models during in-person diet recalls to assist participants in 
identifying portion sizes. At baseline, participants were given a Food Amounts Booklet to use at 
home for phone diet recalls. This was a pictorial booklet that helped participants identify portion 
sizes. Interviewers also had a more detailed copy of the Food Amounts Booklet. Food portions in 
the participant booklet were labeled with numbers or letters to identify food portion size to 
decrease likelihood of misreporting. The interviewer’s booklet contained both the 
numbers/letters seen in the participant booklet, but also included detailed sizing information 
(inches, centimeters, etc.) that corresponded with those numbers/letters. For instance, a 
participant reporting that she ate a cookie would be asked to identify its diameter. The participant 
may have selected the letter “E” as the size of her cookie, whereas the interviewer’s booklet 
indicates that the letter “E” is equivalent to a 4-inch diameter. All meals and snacks were 
identified by the participant during each diet recall. Options for labeling meals included: 
breakfast, brunch, lunch, dinner/supper, snack, or beverage only.  
 NDSR. After dietary intake was collected, the meal information was entered by trained 
research staff in the Nutrition Data System for Research (NDSR, version 2016, Minneapolis, 
MN) for meal, energy, and nutrient analysis, which included fiber intake. All NDSR diet recall 
entries were cross-checked for accuracy by a trained research member that did not enter the 
recalls. Quality Assurance reports were used to flag potential outliers and flagged entries were 
reviewed for possible elimination. Possible reasons for elimination of recalls included those 
coded as unreliable, those marked as a non-typical intake, and/or those with very high (>3500 
kcals) or low (<600 kcals) total energy intake. Individual baseline recalls from subjects in the 
intervention group were excluded if they had already started consuming high-fiber study snacks 




 Maternal body composition and anthropometrics. Each participant was provided with a 
body weight scale and guidelines for weighing themselves (appendix C and D) at home. 
Researchers advised participants to place their scale on a tile or linoleum floor. They were asked 
to weigh themselves in the morning before eating and at the same time each week (i.e. Tuesdays 
at 7:30 a.m.). Women were instructed to wear little to no clothing to avoid inaccuracies. 
Participants in the usual care group emailed or texted their body weight to researchers weekly 
and women in the intervention group entered their weight into the LST app in the measurement 
section.  
Analysis of Data 
 Total fiber intake. Total fiber intake for each participant was measured using NDSR’s 
Daily Totals output report. Grams of total fiber per day for each participant were averaged at 
each time point (baseline, 6-weeks, and 12-weeks) and over the length of the study. 
 Fiber and energy intake from snacks. Snacks were participant-identified during 24-hour 
diet recalls and were recorded in NDSR as “snacks.” Energy (kcals) and fiber (grams) from 
snacks were determined at each data collection point (baseline, 6-weeks, and 12-weeks) and over 
the length of the study using NDSR’s Meals and Daily Totals output reports. Averages were 
calculated for both snack kcals and fiber at each data collection point and over the length of the 
study.   
 GWG. Pre-pregnancy BMI was calculated using self-reported pre-pregnancy weight and 
measured height at the baseline visit. Reported weekly body weight was used to assess each 
participant’s GWG over the length of the 12-week study. Gestational weight gain over the length 




 Percent energy intake from snacks. Percent energy (kcal) intake from daily snacks was 
determined for each participant using NDSR’s Daily Totals output report. Energy from daily 
snacks was divided by total energy intake to determine this percentage. Daily percent energy 
intake from snacks was averaged at each data collection point (baseline, 6-weeks, and 12-weeks) 
and over the length of the study for each participant.  
 Statistical Analysis. SPSS Version 24 was the software used for statistical analysis. 
Statistics were done using an intent-to-treat analysis with a 0.05 level of significance. To answer 
the primary research question, a regression analysis using usual care versus intervention group, 
along with change in percent energy (kcal) from snacks from 0-12 weeks as variables were used 
to assess the relationship between percent energy (kcal) intake from snacks and GWG from 0-12 
weeks. A t-test was used for the secondary research question, which focused on the difference 
between the intervention and usual care groups for fiber intake from snacks and total fiber intake. 





Chapter 4: Results 
 As aforementioned, the purpose of this thesis project was to gain a better understanding 
of how snacks affect GWG, energy intake, and fiber intake. It was also of interest to determine 
whether subjects in the intervention group would continue snacking on high fiber foods 
following discontinuance of study snacks from 6- to 12-weeks. All women enrolled in the parent 
study were included in this thesis project. Objectives included: observing changes in fiber intake 
from snacks, overall daily fiber intake, and GWG over the length of the study.  
Subject Characteristics 
 A total of 25 pregnant women were originally enrolled in the parent study. Only subjects 
that completed the entire study (n=20) were included in the analysis. A total of 5 participants 
were not included due to enrollment in a conflicting research study (n=1) and dropping out 
before the post-study appointment (n=4). The average maternal age, gestational age, and BMI at 
entry was 29.6 years, 13.6 weeks, and 26.5 kg/m
2
 (overweight), respectively. The majority 
identified their race as white (85%), had earned at least a graduate degree (50%), and had a 
household income of 100K-125K (40%). There were no significant baseline differences between 















Maternal age, years 29.0 ± 3.5 30.5 ± 3.2 29.6 ± 3.4 0.346 
Gestational age at entry, weeks 13.0 ± 3.1 14.4 ± 3.9 13.6 ± 3.4 0.371 
Pre-pregnancy height, cm 161.2 ± 6.6 163.2 ± 6.5 162.0 ± 6.5 0.511 
Pre-pregnancy weight, kg 68.9 ± 18.1 71.1 ± 12.8 70.0 ± 15.8 0.762 
Pre-pregnancy BMI, kg/m
2
 26.3 ± 5.7 26.8 ± 5.7 26.5 ± 5.6 0.845 
a
Total weight gain, kg 4.7 ± 2.1 6.3 ± 2.3 5.4 ± 2.3 0.149 
Education: n (%)     
High school or less 1 (8.3) 1 (12.5) 2 (10.0)  
Post-secondary to less than 
graduate 
7 (58.3) 1 (12.5) 8 (40.0)  
Graduate degree or more 4 (33.3) 6 (75.0) 10 (50.0)  
Race: n (%)     
White 12 (100.0) 5 (62.5) 17 (85.0)  
Asian 0 (0.0) 1 (12.5) 1 (5.0)  
Hispanic 0 (0.0) 1 (12.5) 1 (5.0)  
Other 0 (0.0) 1 (12.5) 1 (5.0)  
Ethnicity: n (%)     
Hispanic/Latino 0 (0.0) 1 (12.5) 1 (5.0)  
Non-Hispanic 12 (100.0) 7 (87.5) 19 (95.0)  
Household Income: n (%)     
25K-50K 1 (8.3) 1 (12.5) 2 (10.0)  
50K-75K 4 (33.3) 1 (12.5) 5 (25.0)  
75K-100K 2 (16.7) 1 (12.5) 3 (15.0)  
100K-125K 4 (33.3) 4 (50.0) 8 (40.0)  
>125K 1 (8.3) 1 (12.5) 2 (10.0)  
All data are reported as Mean ± SD unless otherwise noted. 
a







 Diet recalls. A total of 173 diet recalls were included in the analysis for this thesis 
project. All participants (n=20) provided 3 recalls at each time point. Seven 24-hour diet recalls 
were excluded from analysis, all of which were baseline recalls from participants in the 
intervention group. These recalls were excluded because subjects started the intervention 
(consuming high fiber study snacks) during these recalls, which would not have been a true 
representation of their baseline intakes. Baseline macronutrient intake was not different between 
groups at baseline (Table 2). Mean number of snacks consumed at each time point are shown in 
Table 3. The overall trend was that subjects in both groups were consuming fewer snacks at the 
end of the study when compared to baseline intakes.   
 
Table 2. Baseline Macronutrient Intake Distribution 
 
 




Usual Care  
(n=8) 
Number of Snacks, n 
Baseline 1.6 ± 0.73 2.2 ± 1.15 
6-Weeks 1.8 ± 0.73 2.2 ± 1.21 
12-Weeks 1.4 ± 0.85 1.7 ± 0.98 











% total kcal) 239.7 ± 44.5 (46.5) 218.3 ± 87.5 (50.8) 0.262 
Fat, g (% total kcal) 89.6 ± 26.6 (38.0) 66.0 ± 31.9 (32.3) 0.081 
Protein, g (% total kcal) 78.6 ± 18.3 (15.4) 70.5 ± 27.1 (16.9) 0.368 
All data are reported as Mean ± SD. 
a
% total kcal was calculated by dividing mean energy (kcal) intake from each macronutrient by mean total energy 




 Fiber intake. Table 4 includes information about total fiber intake and fiber intake from 
snacks only at 0-, 6-, and 12-weeks. Total fiber intake at the end of the 12-week study was 
significantly higher (p=0.023) in the intervention group (26.2 grams), than in the usual care 
group (16.7 grams). At 6-weeks, fiber intake from snacks was significantly higher (p=0.015) in 
the intervention group (9.6 grams), than in the usual care group (4.5 grams). Fiber intake from 
snacks was not significantly different between groups at the 12-week time point. 
 








Total Fiber Intake, g 
Baseline 21.2 ± 7.4 18.3 ± 7.8 0.409 
6 weeks 32.0 ± 9.6 16.6 ± 9.0 0.002* 
12 weeks 26.2 ± 10.0 16.7 ± 4.9 0.023* 
Snack Fiber Intake, g 
Baseline 5.1 ±2.8 4.1 ± 1.9 0.419 
6 weeks 9.6 ± 4.5 4.5 ± 3.6 0.015* 
12 weeks 4.9 ± 4.3 3.4 ± 2.2 0.371 
All data are reported as Mean ± SD unless otherwise noted. 
*p-value <0.05 
 
 Energy intake. Energy intake did not differ between groups at 6- and 12-weeks (Table 5), 
despite the intervention group consuming significantly greater total fiber than the usual care 
group at 6- and 12-weeks (Table 4). There were no significant between group differences in 













Total Energy Intake, kcal 
Baseline 2038.8 ±362.0 1715.0 ± 692.6 0.186 
6 weeks 2023.3 ± 292.1 1711.1 ± 793.6 0.226 
12 weeks 2005.6 ± 388.3 1622.1 ± 623.1 0.106 
Snack Energy Intake, kcal 
Baseline 379.0 ± 191.5 329.2 ± 196.2 0.579 
6 weeks 390.7 ± 190.9 358.9 ± 198.8 0.724 
12 weeks 294.8 ± 245.1 244.1 ± 135.8 0.602 
All data are reported as Mean ± SD unless otherwise noted. 
 
 Changes in fiber and energy intake. Average fiber intake from snacks significantly 
increased (+4.5 grams; p-value=0.017) in the intervention group when study snacks were 
provided (0-6 weeks) and energy from snacks increased minimally (+11.7 kcals; p-value=0.830). 
When high fiber snacks were discontinued, fiber intake from snacks in the intervention group 
significantly decreased to slightly below baseline (-4.7 grams; p-value=0.025). Further details on 
changes in fiber and energy intake from snacks are provided in Table 6 and Figure 1. 
 









∆ in fiber, grams 
0-6 weeks 4.5 ± 3.9 0.3 ± 2.8 0.017* 
6-12 weeks -4.7 ± 3.9 -1.1 ± 1.7 0.025* 
0-12 weeks -0.2 ± 4.3 -0.8 ± 1.5 0.728 
∆ in energy, kcals 
0-6 weeks 11.7 ± 201.0 29.8 ± 147.4 0.830 
6-12 weeks -95.9 ± 185.0 -114.9 ± 177.8 0.823 
0-12 weeks -84.3 ± 281.5 -85.1 ± 131.7 0.994 
All data are reported as Mean ± SD unless otherwise noted. 
a 
change 






Figure 1. Change in Average Snack Fiber Intake      
   
 From baseline to 6-weeks, average total fiber intake significantly (p-value=0.000) 
increased by 10.8 grams in the intervention group, while average energy intake decreased by 
15.5 calories. During the second half of the study (6-12 weeks), snack fiber consumed by 
participants in the intervention group decreased by 5.9 grams/day. Over the entire 12-week study 
period, the intervention group significantly (p=0.030) increased total fiber intake by 4.9 grams 
(Figure 2). Conversely, total fiber intake for the usual care group decreased by 1.6 grams 
(p=0.030) over the 12-week study. Additional details about total fiber and energy intake are 

























Change in Average Snack Fiber Intake 













∆ in fiber, grams 
0-6 weeks 10.8 ± 7.1 -1.7 ± 4.0 0.000* 
6-12 weeks -5.9 ± 9.0 0.1 ± 5.9 0.122 
0-12 weeks 4.9 ± 6.6 -1.6 ± 5.2 0.030* 
∆ in energy, kcals 
0-6 weeks -15.5 ± 387.3 -3.8 ± 293.0 0.943 
6-12 weeks -17.8 ± 345.4 -89.1 ± 430.3 0.686 
0-12 weeks -33.3 ± 440.1 -92.9 ± 202.4 0.726 
All data are reported as Mean ± SD unless otherwise noted. 
a 
change 
*p-value < 0.05 
 
Figure 2. Change in Average Total Fiber Intake 






















Change in Average Total Fiber Intake 




Percent Energy Intake from Snacks and GWG 
 Mean percent energy intake from snacks at baseline, 6-weeks, and 12-weeks for the 
intervention group was 19%, 19%, and 15%, respectively. Similarly, the usual care group’s 
percent energy intake from snacks at baseline, 6-weeks, and 12-weeks was 19%, 21%, and 15%, 
respectively. A regression analysis assessed the relationship between GWG, percent energy 
(kcal) intake from snacks, and group differences. The dependent variable was total weight gain 
(kg) over the length of the study using self-reported weight. There was no significance found 
when using change in % energy from snacks as a predictor variable for weight gain. Borderline 
significance (p=0.167) was seen when looking at between group difference, meaning that a 
change in intervention group weight over the length of the study was lower relative to the usual 
care group’s change in weight. Specifically, subjects in the intervention group gained 1.48 kg 
less than those in the usual care group over the entire study period. Group differences primarily 
explained 3.4% (r
2
 = 0.034) of the variance in body weight. More details about the regression 
analysis can be found in Table 8. 
 









∆ % energy from snacks (0-12 weeks) 0.04 0.05 0.508 






Dependent variable: total weight gain (kg) for 12 weeks 




Chapter 5: Discussion 
 The main objectives of this thesis project were to measure change in fiber intake (snacks 
vs. overall), energy intake (snacks vs. overall), and GWG over the length of the study in pregnant 
women completing a high fiber diet intervention. Recent literature (9, 15) suggests that 
individuals who consume fiber-containing foods as snacks tend to have a normal BMI and higher 
diet quality. Research also suggests that women with planned eating behaviors tend to gain 
gestational weight appropriately (6), whereas women consuming energy-dense, nutrient-poor 
foods as snacks and who reportedly “ate for two” tend to gain excess gestational weight (6, 8). It 
was anticipated that pregnant women enrolled in the intervention group who were consuming 
fiber-rich snacks and had a goal to consume ≥30 grams daily fiber, would gain appropriate 
gestational weight. 
Sample 
 A total of 20 participants (80%) completed the entire study out of the 25 originally 
enrolled. All women in the usual care group (n=8) were successful in completing the study in its 
entirety. Five women in the intervention group dropped out (n=4) of the study or were excluded 
(n=1). One woman was hospitalized soon after her initial study visit and was unable to fulfill 
study expectations. Another participant reported dropping due to the required time commitment. 
Two participants did not give reasons for discontinuing. This may have been due to the extra 
time commitment that came with being in the intervention group. We also had to exclude data 
gathered from one participant (intervention group) after she began since she was enrolled in a 




 Women enrolled in this study were highly educated with 50% having a graduate degree 
or more. Subjects primarily identified their race and ethnicity as white (85%) and non-Hispanic 
(95%), respectively. These characteristics lead us to believe that many women participating in 
our study were not of low socioeconomic status (SES). Had our study subjects been more 
representative of a low SES population, they may have faced more barriers throughout this study. 
Possible barriers may have been related to transportation, consistent access to a cell phone for 
weekly phone calls, and access to healthy foods.  
Fiber Intake 
Fiber intake was observed with a focus on the quantity consumed from snacks vs. total 
daily intake. At baseline, intervention participants consumed an average of 20 grams of fiber per 
day, which is lower than the recommended amount of 28 grams per day for pregnant women 
(27). Average fiber intake from snacks alone was 4.7 grams, which was 23.5% of total daily fiber 
intake. Similar observations were seen in a study by McGill et al. (2015) analyzing NHANES 
data and finding that fiber intake from snacks typically contributes ≥20% of total fiber intake in 
adults (1).  
From 0- to 6-weeks, participants in the intervention group increased their daily fiber 
intake to 32 grams, which met the goal of the intervention (≥30 grams) and fulfilled current fiber 
recommendations. From 6- to 12-weeks, there was approximately a 50% decrease in the change 
in total daily fiber intake, which is also when high fiber study snacks were no longer provided. 
Total daily fiber intake at conclusion of the study was 4.9 grams higher than baseline intake in 
the intervention group. The usual care group reported a 1.6 gram decrease in fiber intake from 
baseline to 12-weeks. Though intervention participants did not sustain their increased fiber 




0- to 12-weeks. A higher fiber intake is desired for its many health benefits, especially its 
association with a lower BMI and increased satiety (21-25). Continuance of a higher fiber intake 
will likely be beneficial to these women long-term.  
Energy Intake 
 Energy intake from snacks decreased in both groups from 0- to 12-weeks. Total daily 
energy intake during this time also decreased in both groups with no between group significance. 
A possible explanation for lower energy intake from snacks is that subjects may have been 
consuming ≥1 snack during baseline recalls, but may have had a decrease in snack frequency 
during their 12-week recall period. For example, a woman consuming two 150-calorie snacks 
during her baseline recall and only one 150-calorie snack during her 12-week recall would see a 
150 calorie decrease over the length of the study.  
Gestational Weight Gain 
 The primary study objective was to assess the relationship between percent energy (kcal) 
from snacks and its contribution to GWG. Our study found that percent energy intake from 
snacks was not a significant predictor of GWG. This was a desired finding as it shows that 
providing high-fiber snacks to participants in the intervention group did not result in significant 
weight gain. Additionally, we found that subjects in the intervention group had lower GWG 
relative to the usual care group from baseline to 12-weeks. It is possible that the intervention 
groups’ higher fiber intake may have played a key role in lessening weight gain during this 
study. An observational study by Olafsdottir et al. reported similar findings – that an inverse 
relationship exists between higher fiber intakes and GWG in overweight women (12). Adding to 
this observation, there has also been evidence that diets including more fiber offer a satiating 





 Several limitations exist for this study. First, the sample size was small and only low fiber 
consumers (<20 grams/day) were included. Second, there is a chance that intervention 
participants may not have followed study protocol as written. We know that some intervention 
participants didn’t regularly attend the group phone discussions, so they may not have realized 
the importance of consuming at least 30 grams of daily fiber. Absence from these phone calls 
may have resulted in women not learning strategies to increase fiber intake. Self-reported pre-
pregnancy body weight, pre-pregnancy height and weekly body weight during the study may 
have been misreported by participants. To improve data accuracy, participants were all given the 
same body weight scales and instructions for consistently weighing themselves. Participants 
were also given monetary incentives as motivation for weighing themselves weekly. 
Limitations may also exist in the accuracy of reported food intake, as people tend to 
underreport perceived “unhealthy” eating behaviors and over-report perceived “healthy” eating 
behaviors. For instance, it is more likely that someone will over-report the amount of broccoli 
they consumed and under-report the amount of cake they consumed. Our research staff used the 
multiple-pass method during diet recalls to help avoid this issue. Another possible limitation was 
coding eating occasions as snacks versus meals (breakfast, brunch, lunch, or dinner). Labeling 
eating occasions as “beverage only” may have also been a limitation as some women may have 
considered calorie-containing drinks a snack while others may have labeled them as a beverage 
only. All snacks and meals for this study were participant-identified, so individual beliefs about 
what eating occasions constitute as a snack may vary. To date, there is not a standard definition 
of a snack, rather there are multiple methods that have been used in research (10, 11, 17, 18). 




during baseline dietary recalls. Including those recalls would have inflated their baseline fiber 
intake value. Researchers excluded those diet recalls during data analysis to avoid this possible 
misrepresentation.  
Implications and Future Studies 
Implications about fiber intake, snacking, and GWG can be drawn from this thesis study. 
Our intervention to increase fiber intake was successful, though it was not to the degree we had 
hoped since they did not sustain intakes of ≥30 grams of fiber over the entire study period. Our 
intervention design of providing high fiber snacks may be useful in future studies that are 
working towards increasing fiber intake. Future studies should look at ways to keep fiber intake 
up after snacks are no longer provided. Our study included a sample that was highly educated, 
unrepresentative of minority groups, and had high household incomes. Future studies should aim 
to include an equal distribution of women from all education levels, household incomes, races, 
and ethnicities. Future studies that include a more representative sample of the population will be 
able to apply their results to a greater percentage of women. We chose to include women in our 
study that were categorized as having a BMI in the upper normal to obese range. Studies have 
associated higher levels of excessive GWG with individuals classified as overweight or obese (2, 
3). Future studies should take special consideration when determining their target population to 
ensure that it translates accordingly. Lastly, future studies that aim to include a larger sample size 
and have a greater focus on nutrition quality of foods consumed by participants may be more 






 This study focused on snacking behaviors, fiber intake, and GWG in pregnant women 
participating in a high fiber diet intervention. An increase in daily fiber intake coinciding with a 
decrease in total energy intake displayed by the intervention group over the length of the study 
sheds some light on the satiating effect that fiber has on dietary intake. Secondly, an increase in 
energy from snacks was not a significant predictor of weight gain in participants. In conclusion, 
asking women to incorporate high-fiber snacks into their diet does not adversely affect their 
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1. Place your body weight scale on a flat, non-carpeted surface 
 Usually a bathroom has a tile or linoleum floor that would work perfect 
 
2. Wear minimal to no clothing to avoid inaccurate measurements  
 You could do this in the bathroom before showering 
 Be sure that you weigh yourself in the same amount of clothing each and 
every week 
 
3. Weigh yourself at the same time every day  
 Preferably in the morning before you eat anything and after you have visited 
the restroom  
 For this study we are only doing weekly body weights, so weigh yourself at 
the same time each week  
 For instance: at 7:30am every Wednesday 
 
4. Step onto the scale platform and try not to move 
 For the body weight scale we have given you, you do not need to tap the scale 
platform first 
 Stand for 5 seconds in order to get an accurate measurement 
 
5. Send us your weight 
 Enter your weight into the LST app in the measurements section 
 Don’t forget to click “Save” instead of “Add” after you have typed it in 
 You can use spoken requests to do this if you prefer 
 
6. Receive your payment 
 Send your weight no later than Thursday at 5pm to receive your $5 
compensation 
 Your compensation will be applied directly to your ClinCard 

















1. Place your body weight scale on a flat, non-carpeted surface 
 Usually a bathroom has a tile or linoleum floor that would work perfect 
 
2. Wear minimal to no clothing to avoid inaccurate measurements  
 You could do this in the bathroom before showering 
 Be sure that you weigh yourself in the same amount of clothing each and 
every week 
 
3. Weigh yourself at the same time every day  
 Preferably in the morning before you eat anything and after you have visited 
the restroom  
 For this study we are only doing weekly body weights, so weigh yourself at 
the same time each week  
 For instance: at 7:30am every Wednesday 
 
4. Step onto the scale platform and try not to move 
 For the body weight scale we have given you, you do not need to tap the scale 
platform first 
 Stand for 5 seconds in order to get an accurate measurement 
 
5. Send us your weight 
 Write down your body weight and reply to the weekly reminder email from 
pregnancy@kumc.edu  
 If you don’t like emails then you can text your weight to 402-525-6643 with 
your initials so we know who you are 
 
6. Receive your payment 
 Send your weight no later than Thursday at 5pm to receive your $5 
compensation 
 Your compensation will be applied directly to your ClinCard 
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